Many proteins involved in cell cycle progression face degradation after completion, or in completion, of their duties. In mitosis, the anaphase inhibitor Pds1/securin and the mitotic cyclins -essential subunits of cyclin-dependent kinasesare still the most prominent proteins with that property, but many more have been identified, including spindle proteins, inhibitors of replication, and kinases [6] . The common final destination of such proteins is the 26S proteasome, a large cytosolic protease complex that recognizes and degrades polyubiquitin-tagged proteins. Before that, multiple chains of the small protein ubiquitin have to be added to doomed substrate proteins through specialized ubiquitin-protein ligases or 'E3' enzymes. The important step of substrate recognition in targeted protein destruction is thus shifted from the proteasome to the E3s [6] .
Two related E3s play central roles in regulating cell cycle events: the SCF (Skp1-Cullin-F-box-protein) complex is involved in G1 and S phase transitions; and the APC functions at the metaphase-to-anaphase transition, as well as late in mitosis, in G1, and in differentiated cells [7, 8] . Both the APC and the SCF are multi-subunit complexes, though it has recently been shown that in vitro polyubiquitin chain formation can be reconstituted with only one or two recombinant subunit(s), respectively [9] . Yet, to anchor these chains specifically to the proper target proteins, additional substrate adaptors are needed. In the SCF complex, this is the responsibility of so-called 'F-box proteins'. These belong to a diverse family, but can all interact with the core SCF through their common amino-terminal F-box motif. They also possess a carboxy-terminal protein-protein interaction motif, typically WD40 repeats or leucine-rich repeats, which can recognize diverse substrates and physically link them to the ubiquitination machinery ( Figure 1a ) [10] .
Similar sequence motifs in their two core subunits indicate that APC and SCF are distant cousins [6, 8, 9] . No F-boxlike protein has been identified among APC components, however, leaving the open question of how the APC recognizes its targets. As the APC is composed of at least 11 polypeptides -as opposed to SCF's four -it was conceivable that the plethora of subunits might include some that function in recognition of different substrates. This view changed, however, with the discovery of two related regulatory proteins, Cdc20/Fizzy and Cdh1/Hct1/Fizzy-related, which are necessary for APC activity [11] [12] [13] . These proteins associate with the APC at the metaphase-to-anaphase transition and in G1, respectively [14, 15] , and seem to confer substrate specificity. Targets of APC Cdc20 require a conserved cis-sequence element called destruction box (Dbox) [16] , whereas substrates of APC Cdh1 often (sometimes additionally) possess KEN box elements [17] .
Most excitingly, Cdc20 and Cdh1 were both found to contain seven WD40 repeats, just like many F-box proteins [10] . Mission accomplished? Not really. So far, it has proven difficult to show direct interactions between Cdc20 family members and APC substrates. In view of this, it could have also been imagined that binding of Cdc20 or Cdh1 would rather trigger an allosteric switch in the APC, exposing different sets of substrate-binding subunits. But new findings from several laboratories [1] [2] [3] [4] [5] -including the results of a study published recently in Current Biology [2] -are strengthening the case for the long-suspected substrate-specific adaptor role of Cdc20 and its kin.
The first indications for direct interaction of an APC substrate with Cdh1 came from studies of cyclin A, which was found to bind to a conserved cyclin binding motif within Cdh1's last WD40 repeat in vivo [1] . Cyclin A has a special role, however, as it is not only a substrate, but also a regulator of Cdh1. Accordingly, mutation of the cyclin A binding motif abolishes only cyclin A ubiquitination, and has no effects on recognition of other substrates [1] .
Taking a more general and unbiased approach, Hilioti et al. [2] started to look for proteins that might be involved in Pds1 degradation in yeast. In a two-hybrid screen, they identified Cdc20 as an interaction partner of the yeast securin. Subsequent biochemical studies with bacterially expressed Pds1 and in vitro translated Cdc20, as well as coimmunoprecipitation from yeast cells, confirmed this interaction. Moreover, the interaction was dependent on a functional D-box in Pds1 [2] . These results are consistent with the hypothesis that Cdc20 is a D-box receptor, and direct binding would nicely explain the requirement of Cdc20 for Pds1 degradation at anaphase onset in yeast ( Figure 1b ).
So does yeast Cdh1 also bind substrates? Schwab et al. [3] went into that matter using co-immunoprecipitations of epitope-tagged Cdh1 with substrates. Indeed, they found Cdh1 to interact with the mitotic cyclins Clb2 and Clb3, as well as with Cdc5 [3] , all of which are degraded in an APC Cdh1 -dependent manner. Substrates predominantly destroyed through Cdc20, like Pds1 or Clb5, did not coprecipitate, nicely reflecting the specificity of substrate recognition. In contrast to substrate recognition through Cdc20 [2] , however, Schwab et al. found the D-box to be dispensable for binding to Cdh1 [3] , leaving the puzzling question of how Cdh1 recognizes its targets.
The answer might lie in the results from Burton and Solomon [4] . Using yeast Cdc20 as a bait in a two-hybrid screen, they had previously discovered Hsl1, a septin-interacting kinase that functions during a bud morphogenesis checkpoint, as a new APC substrate [18] . Interestingly, it has not only a D-box, but also a putative KEN box. This latter motif had previously been shown to be important only for APC Cdh1 -mediated degradation in vertebrates [17] . Indeed, Burton and Solomon [4] found that both these elements contribute to Hsl1 instability in G1. Using coimmunoprecitation and in vitro binding studies, they further demonstrated physical association with both Cdc20 and Cdh1. Binding to Cdc20 was destruction box dependent in vivo and in vitro, in agreement with the observations made with Pds1 [2] . However, binding results for Cdh1 were more puzzling, showing KEN box dependency in vivo but destruction box dependency in vitro. Since APC Cdh1 is thought to target both motifs [17] , this suggests that Cdh1 might bind in a cooperative manner, interacting most efficiently when both motifs are present.
Pfleger et al. [5] took a closer look into the roles of D-and KEN boxes in a purely biochemical system. To achieve this, they decided to move away from the troublesome cyclin B as a model substrate, and to test other APC targets instead. Indeed, using in vitro translated proteins, they found that human Cdh1 specifically interacted with substrates containing a KEN box and/or a D-box, whereas Cdc20 only bound the latter class. Surprisingly, the WD40 repeat containing carboxy-terminal domains were dispensable for specific substrate binding. On the other hand, the shortest amino-terminal fragments sufficient for substrate recognition failed to bind the APC (see Figure 2a) . This observation prompted the authors to investigate possible inhibitory effects of these amino-terminal fragments. Strikingly, in an in vitro protein degradation system, they found that D-box substrates were stabilized by addition of either peptide, whereas only the Cdh1 peptide was able to inhibit degradation of KEN box-only substrates. A plausible interpretation is that sequestration of target proteins by truncated adaptors deficient in APC binding prevents their recruitment and subsequent ubiquitination (Figure 1b) .
The story is not fully rounded yet, however, as puzzling contradictions remain. For example, neither Hilioti et al. [2] nor Schwab et al. [3] could observe any interaction of Pds1 with Cdh1, although APC Cdh1 -dependent degradation of Pds1 in yeast has been observed [19] . This would imply that even interactions too weak for detection in a two-hybrid system could suffice for efficient recognition and ubiquitination in vivo. Burton and Solomon [4] arrived at the opposite conclusion, as mutations in either the D-box or KEN box of Hsl1 did not compromise its binding to the adaptors in vitro, but did largely abolish degradation in the cell, indicating that binding alone might not be sufficient for productive recognition [4] .
Another unresolved question is the assignment of binding regions within the adaptors. For F-box proteins, isolated WD40 repeats have been shown to be capable of binding substrates [10] . Consistent with this, yeast Pds1 specifically interacts with a part of Cdc20 lacking the amino terminus but containing all the WD40 repeats [2] (Figure 2a) . Cyclin A also binds to a conserved motif within the last WD repeat of Cdh1 [1] and Cdc20 (C.S. Sorensen, C. Lukas, J. Lukas, personal communication) (Figure 2a) . Pfleger et al. [5] , however, found the WD repeats to be dispensable for specific substrate binding in vitro. To investigate this further, they performed a domain-swapping experiment: chimeras between the WD domains and the amino-terminal portions of Cdc20 and Cdh1 were tested for their ability to activate APC in an in vitro ubiquitination assay. Remarkably, only the chimera consisting of the Cdh1 amino terminus and the Cdc20 WD40 repeats could substitute for Cdh1 in ubiquitination of a KEN box substrate [5] , again suggesting that the amino-terminal domain of Cdh1 is solely responsible for specific KEN box recognition. Interestingly, the activation itself did still depend not only on the putative amino-terminal specificity domain and a neighboring region implicated in APC binding (see Figure 2a) [5, 20] , but also on the presence of the WD40 repeats. Since they fold into a beta-propeller structure with many well-suited interaction surfaces (Figure 2b ) [21] , it is conceivable that this versatile motif contributes to both APC and substrate ending, with specificity being added by the amino-terminal regions. (a) Structural domains of Cdc20. Putative substrate and APC binding regions [2, 5, 20] are depicted, as well as the locations of the conserved C-box (green) [3, 5] and the cyclin A binding motif RVL found in human Cdc20 (see text). The position of the Mad2 binding site (red) raises the possibility that Mad2 binding might interfere with substrate transfer from amino-terminal recognition regions to APC bound to the carboxy-terminal or central portion. In Cdh1, putative substrate recognition sites, cyclin A binding motif, and WD repeats are located in equivalent positions. (b) Molecular structure of a seven WD repeat domain, as exemplified by a G β protein (accession code 1GG2 [26] ). The repeats form a sevenbladed propeller consisting of beta-sheets (one blade is shown colored in green). Likely interaction surfaces are the upper and lower surface of the barrel-like structure, as well as lateral grooves between the propeller blades. Amino acids corresponding to the cyclin A motif reside in the vicinity of the most amino-terminal repeat and project to the 'top' of the barrel (yellow). Peptide stretches outside the repeats can pack closely to the side of the barrel (red), illustrating that Mad2 binding in proximity of the WD repeat portion might be able to interrupt structural arrangements within a ternary APC-Cdc20-substrate complex. Schwab et al. [3] and Pfleger et al. [5] further identified an amino-terminal motif conserved in Cdc20 and Cdh1 orthologs of different species, therefore termed 'C-box' by the former group [3] (Figure 2a ). Since it is also found in other recently identified Cdc20 family members [22] [23] [24] , a function in APC binding would be conceivable. Mutation of the C-box abolishes the APC-activating function of Cdc20 and Cdh1 [3, 5] , but though the motif appears to be necessary for APC binding [3] , it is not sufficient [5] . Pfleger et al. [5] noticed that the motif might be bipartite, and regions carboxyterminal of the C-box but amino-terminal of the WD40 repeats have also been implicated in APC binding [5, 20] .
Finally, it should be mentioned that the new findings also have implications for understanding the spindle assembly checkpoint that monitors chromosome attachment to the mitotic spindle. The checkpoint inhibits APC, probably through binding of the Mad2 protein to Cdc20. This binding does not, however, prevent Cdc20 from binding APC (see for example [20] ). Could Mad2 association prevent Cdc20 from substrate binding? Apparently not. Hilioti et al. [2] found similar amounts of Cdc20 co-precipitating with Pds1 whether or not the checkpoint was activated [2] . Pfleger and colleagues tackled the same question in another recent paper [25] : they also found no inhibition of substrate binding by Mad2, but instead observed that substrate release might be delayed. It is possible to imagine that the adaptors dynamically associate with substrates before handing them to core APC components, and that the latter step would be blocked by Mad2. Consistent with this, the Mad2 binding site in Cdc20 has been mapped to a stretch in-between putative APC and substrate binding regions (Figure 2 ) [5, 20] . This could also explain why degradation of cyclin A, which binds to the last WD40 repeat (C.S. Sorensen, C. Lukas, J. Lukas, personal communication), is not inhibited by MAD2 and the spindle assembly checkpoint.
As in many good stories, the ending remains open. We can, however, now build a strong case that the Cdc20 family members play roles similar to F-box proteins: they are essential for APC activation; they associate with the APC in a regulated and modular fashion; they confer some substrate specificity to the ubiquitination reaction in vivo and in vitro; and finally, they are capable of specific interactions with APC substrates under a variety of experimental conditions, as discussed here. It appears that the WD40 activators might indeed serve the substrates to the APC by providing a physical link. As the identification of additional Cdc20 family members continues, we can predict that many more APC targets are waiting to be unveiledand with them maybe new, unexpected roles for the APC.
